complex esophageal procedures have to fulfill minimum caseload requirements of 10 cases per year. In practice, these requirements are not met by the majority of hospitals and a detrimental effect on the achieved surgical outcomes can be noted. Conclusion: Therefore, we conclude that structural quality assurance is crucial to further reduce postoperative morbidity after esophageal surgery and to improve long-term results.
A huge variety of studies from Asia, Europe, and the USA has been published during the last decade, demonstrating a significant improvement in esophageal surgery regarding postoperative outcome, e.g. postoperative mortality rate, as well as oncological longterm results after esophagectomy for esophageal cancer [1, 2] . Improvements in surgical technique, e.g. the introduction of minimally invasive techniques in esophageal surgery, perioperative management, anesthesia, intensive care medicine, and interdisciplinary management of postoperative complications, have contributed to a reduced postoperative morbidity and mortality [3, 4] . Large case series from high-volume centers frequently report a postoperative mortality rate of under 2% and a median hospitalization time as low as 8 days for these complex procedures [5] [6] [7] .
The widespread implementation of multimodal protocols in the treatment of esophageal cancer, e.g. the use of neoadjuvant chemoradiation and perioperative chemotherapy, has improved longterm results, with several randomized controlled trials and retrospective analyses reporting 5-year survival rates of nearly 50% for selected locally advanced tumors treated within these multimodal protocols [8] [9] [10] [11] [12] [13] .
Esophageal surgery beyond the specialized high-volume centers is still characterized by a heavy postoperative morbidity and mortality, and outcomes vary widely between different countries and Keywords Esophageal cancer · Esophagectomy · Structural quality · Hospital volume Summary Background: Advances regarding perioperative mortality rates and oncological outcomes after esophagectomy have been reported extensively by specialized high-volume centers in Europe and the USA over the last decade. However, recent database analyses reveal that the perioperative mortality of esophagectomy remains high in these countries, indicating a discrepancy between surgical quality in baseline hospitals and specialized centers. Methods: This article provides an overview over the existing literature on the correlation between structural quality, procedural volume, and surgical outcome in esophageal surgery. Results: Structural, procedural and outcome measures can be used to assess the quality of surgical treatment and perioperative management. Surgical procedures on the esophagus for both benign and malignant diseases are rare and typically associated with high perioperative morbidity and mortality. Usually, direct outcome measures do not provide enough statistical power to actually identify differences in surgical quality between hospitals, making structural quality measures the only feasible parameter to compare the quality of esophageal surgery among different centers. Several analyses from different countries have shown a strong correlation between hospital volume and postoperative mortality. Data from countries in which esophageal surgery has been centralized indicate beneficial effects of a centralized health care system on postoperative mortality after esophagectomy. Additionally, only high-volume centers generally provide optimal preoperative and postoperative management and comprehensive access to modern multimodal treatment. In Germany, esophageal surgery is still decentralized, but hospitals performing hospitals [14] . Database analyses from the USA show an overall inhospital mortality of 8% over the last two decades, while the German register data reveal even higher figures of approximately 10% for postoperative mortality in the time period 2006-2013 [15] [16] [17] .
These figures give the impression that the quality of care in esophageal surgery is not yet as good as expected. A similar situation exists for other complex abdominal surgeries, e.g. pancreatic resections [18] .
While several studies have shown that reduction of postoperative mortality and improvement of long-term results are possible in esophageal surgery when performed in specialized high-volume centers, the advances have to be implemented in clinical practice to achieve better results for the majority of patients.
Measuring Surgical Quality in Esophageal Surgery
In times of benchmarking hospital results and ensuring a comparability of different medical centers and physicians as well as surgeons, indicators for hospital quality have to be chosen carefully to be comprehensive, outcome-related, and tamper-resistant [19] .
In general, a variety of measures is available to reflect surgical quality: structural measures, process measures, and direct outcome measures [20] . Case volume, radicality of resection, and postoperative morbidity and mortality have been identified as key performance indicators in esophageal surgery [21] .
Choosing the right measure depends most importantly on two relevant attributes of the procedure: i) the baseline risk and ii) how commonly the procedure is performed at individual hospitals. Esophagectomy typically has a low annual caseload and a high baseline risk. Therefore, direct outcome measures usually do not provide enough statistical power to actually identify differences in surgical quality between hospitals. Structural measures, especially procedural volume, are likely the only practical quality indicator [20] .
Structural measures include an extensive list of variables reflecting the setting in which surgical care is delivered, including the hospitals' resources and measures related directly or indirectly to staff expertise, coordination, and organization [20] .
Structural measures addressed in the literature on esophageal surgery are hospital volume, specialization, organization, and centralization, with different levels of evidence supporting the feasibility of these variables as suitable parameters [22] .
Among structural variables, procedural volume is most commonly used as a surrogate for surgical quality. Procedural volume can be either measured at the surgeon or hospital level. The correlation between procedural volume and surgical outcome is extensively reviewed in the literature.
Association between Hospital Volume and Surgical Outcome in Esophageal Surgery
A correlation between hospital volume and postoperative mortality has been established for major abdominal cancer surgery, while the effect of procedural volume on long-term outcome remains uncertain [23, 24] .
As early as 2004, a systematic literature review revealed a strong correlation between postoperative mortality and hospital volume for esophageal cancer surgery [25] . The authors suggested a cut-off of at least 20 procedures per year to reduce postoperative mortality after esophagectomy.
Two different reviews from 2010 and 2012 confirmed these results and showed less complications and shorter hospitalization times in high-volume centers compared to low-volume hospitals. It was noted that the definition of 'high volume' varied significantly between the different studies [22, 26] . This effect was reproduced in several more recent studies in Europe and the USA [14] [15] [16] [17] [27] [28] [29] [30] [31] .
A recent analysis of the Nationwide Inpatient Sample in the USA from 1998 to 2011 demonstrated a strong correlation between hospital volume and postoperative mortality after esophagectomy [15, 16] , as did a large European multicenter trial including 2,944 patients between 2000 and 2010 [28] . A Swedish study suggests annual and cumulative surgeon volume rather than hospital volume as a predictor of perioperative mortality [26] .
The etiology and causality of the correlation between volume and outcome are still not completely understood. The simple focus on volume can only be a starting point for further studies to determine more specific factors associated with surgical quality [32] .
Evidence for a Benefit of Centralization
Centralization of complex cancer surgery has become a trend, and treatment of cancer patients in specialized centers has become more common over the last decades [33, 34] .
Beneficial effects on postoperative mortality rates were observed after centralization of esophageal surgery in the Netherlands at the beginning of this century [35] . A population-based study from the Netherlands showed that hospital volume accounted for only 50% of the variation in mortality between the hospitals. Differences in infrastructure, patient selection, surgical expertise, and availability of multidisciplinary teams seem to be equally important [36] .
International comparisons between countries with a centralized and a non-centralized health care system show a reduction of postoperative mortality in countries in which centralization of esophageal surgery is mandatory, e.g. when comparing England and the United States: An analysis of the Nationwide Inpatient Sample since 2001 demonstrates a reduced in-hospital mortality in England (4.2 vs. 5.5% in the USA). This effect goes along with a significant difference in median case load per center (17.5 in England vs. 2 in the USA) [29] .
The process of centralization does not only require the accredited centers to perform a certain number of operations per year but also needs to guarantee access to facilities not present in the typical general surgery unit, such as 24-h availability of an experienced endoscopy unit, an interventional radiology, a specialized intensive care unit, and trained thoracic and cardiovascular surgeons [37] . These facilities are crucial in esophageal surgery to properly treat intraoperative and postoperative complications and therefore directly affect surgical outcome [38] . Additionally, accredited centers have to guarantee the presence of interdisciplinary teams consisting of surgeons, medical oncologists, and radiotherapists specialized in the multimodal therapy of esophageal cancer, providing an optimal treatment concept and improving the patients' long-term survival.
Esophageal Surgery in Germany: Minimum Caseload Requirements
Due to the evidence connecting hospital volume and surgical outcome for complex surgical procedures, the German Federal Joint Committee has established minimum caseload requirements for procedures like complex esophageal surgery, complex pancreatic surgery, and liver transplantation.
In Germany, until today, the majority of hospitals which treat patients requiring complex esophageal surgery do not meet the required caseload of 10 cases per year ( fig. 1 ). In 2011, there was a registered number of 411 centers, of which only 130 institutions fulfilled the minimum caseload requirement. These centers treated 2,634 patients with a median caseload of 20, while the remaining 281 hospitals treated 1,039 patients with a median caseload of 4. Compared to all other procedures that require a minimum caseload, esophageal surgery has the highest rate of institutions which do not fulfill the requirements as well as the highest rate of patients treated outside of hospitals that meet the requirements. These numbers have been stable over the last years without significant improvement. The introduction of minimum caseload requirements had little or no effect on the centralization process of esophageal surgery [39] .
A retrospective analysis of German hospital discharge data between 2006 and 2013 showed a significantly reduced risk for perioperative mortality in hospitals that meet the minimum caseload requirements compared to those that do not (9 vs. 12.7%), with an adjusted odds ratio of 0,7 [18] .
Additionally, the chosen cut-off of 10 procedures per year does not seem justified when reviewing the literature. Several studies analyzing the correlation between postoperative mortality and hospital volume show a significant decrease in mortality in centers with 20 or more procedures a year [16, 36] . A recent study from France even demonstrates a further reduction in postoperative mortality in centers with more than 40 or more than 60 procedures per year even for low-risk patients [31] , and results from a large European multicenter trial demonstrate a significant reduction of postoperative mortality for a procedural volume of more than 80 operations per year [28] . A study from the Netherlands in more than 10,000 patients suggests that postoperative mortality reaches a plateau after 40-60 esophagectomies per year [30] , indicating a reasonable cut-off far from the minimum caseload required in Germany.
Conclusion
In summary, a huge discrepancy can be noted between the surgical outcomes of esophagectomy published by specialized highvolume centers and the actual outcomes extracted from data registers.
Several studies analyzing the correlation between procedural volume and surgical outcome for complex esophageal surgery suggest a strong inverse correlation between the annual number of procedures performed and postoperative mortality, as well as regarding hospitalization time and other outcome parameters. The process of formation of specialized centers for esophageal surgery in other European countries has proven to reduce postoperative mortality.
In Germany, hospitals performing esophageal surgery are required to fulfill a minimum caseload of 10 cases per year. While recent studies suggest a significant improvement of surgical outcome measures with a caseload of 40-60 cases per year, this number seems to be chosen arbitrarily. Additionally, this requirement is not met by the majority of centers performing esophageal surgery in Germany.
We conclude that structural quality assurance, such as reasonable caseload requirements, the formation of specialized centers, and the strict enforcement of these guidelines, will be necessary to further decrease postoperative mortality after esophagectomy. Future studies will have to prove whether improvements in long-term survival and regarding the patients' quality of life can be likewise achieved.
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